Chemical preconditioning-induced reactive astrocytosis contributes to the reduction of post-ischemic edema through aquaporin-4 downregulation.
Aquaporins are a family of membrane proteins that promote the transmembrane diffusion of water. Aquaporin-4 (AQP4) is a predominant water channel protein in the brain and is concentrated in the end-feet of astrocytes. A critical question is what role astrocytic AQP4 plays in pathological conditions. Another matter to be elucidated is the relationship between morphological changes in astrocytes and AQP4 expression in such cases. We investigated the correlation between AQP4 expression and post-ischemic brain edema formation with astrocytic molecular markers after 3-nitropropionic acid (3NP) preconditioning. 3NP is a mitochondrial toxin, which can induce tolerance to ischemia at subtoxic levels. Rats were treated with 3NP at the tolerance-inducible and the non-tolerance-inducible stage (TS or NTS) before focal ischemia. The control group was injected with physiological saline. After ischemia, the hemispheric enlargement (HE) was volumetrically measured. Immunohistochemical and immunofluorescence analyses of AQP4, glial fibrillary acidic protein (GFAP), and glutamine synthetase (GS) were also conducted after the 3NP treatment and a vehicle was applied. HE was found to be significantly smaller in the TS group than in the vehicle group or the NTS group. The immunofluorescence analyses demonstrated that the AQP4 immunoreactivity in the cortex and striatum was significantly reduced in the TS group but not in the NTS group. In contrast, both GFAP expression and GS expression in the TS group were enhanced, with reactive astrocytosis. AQP4 downregulation in reactive astrocytosis may be one of the factors contributing to the role of 3NP preconditioning in attenuating post-ischemic edema.